Abstract Hypoxia is a condition of low pO 2 , which creates a unique microenvironment affecting cell phenotype and subsequent immune response generation. Little is known about the impact of hypoxia on the phenotypic expression of NK cell, TREM-1, TLR-4 and inflammatory chemokines. In the present study we have determined the frequency of peripheral blood populations of CD16/CD56 (NK Cells) expressing cells, presence of activation marker CD354 (TREM-1), Toll like receptor (CD 284) on the cell surface and chemokines IL-8 and RANTES in the cellular supernatant of normoxia and hypoxia exposed cells by flow cytometry. GRP-78 expression was determined by reverse transcriptase polymerase chain reaction. The blood was collected from healthy individuals and exposed to normoxic and hypoxic (0.5 %) environment for 24 h. The percentage of NK cells (CD 16/56) was marginally up regulated while TLR-4 expression was diminished in hypoxia exposed cells as compare to the normoxic cells. TREM-1 expression was significantly up-regulated (p \ 0.05) in hypoxia as compared to the normoxic control. In addition when monocytic cell line THP-1 was exposed to 0.5 % hypoxia for 24 h, TLR4 expression was significantly decreased in hypoxic cells as compared to normoxic cells. Furthermore, GRP-78 mRNA expression was also upregulated by hypoxia or LPS exposure. These events are paralleled by strengthening up-regulation of the chemokines IL-8 and RANTES an otherwise necessary event for the chemotaxis of the neutrophils and macrophages to the inflammatory site. In conclusion, this study provides a novel insight into the mechanism linking low oxygen tension to the regulation of immune and inflammatory responses, leading to new perspectives of the role of hypoxia in programming immune cell functions.
Introduction
The inflammatory sites have been known for low oxygen tension (Hypoxia), which leads to extensive infiltration of inflammatory leukocytes [1] . As a consequence, immune effector cells in hypoxic sites have an acute need to respond to these demanding conditions to maintain their viability and activity. Human peripheral blood mononuclear cells (PBMCs) contain many antigen presenting cells which are specialized for the activation of resting T cells and the initiation and regulation of many types of immune responses [2] [3] [4] [5] [6] . Because of this, we have investigated the functional changes that accompanying the metabolic adaptation of human PBMCs to hypoxia, as these events are likely to affect the development of both inflammatory and immune functions. For instance, stimulation of chemokines such as IL-8 and RANTES in hypoxic conditions by human PBMCs, expression of toll like receptor-4 (TLR-4), triggering receptor expressed on myeloid cells-1 (TREM-1) and GRP-78 in hypoxic cells. TREM-1 is a recently identified immunoglobulin-like cell surface receptor mainly expressed on neutrophils and a subset of CD14 high monocytes [7] . Activation of TREM-1 by the crosslinking antibody leads to the production of multiple pro-inflammatory cytokines and chemokines, and this response can synergize with innate immune stimuli to amplify inflammatory responses [8] [9] [10] [11] . Hypoxic stress also triggers unfolded protein response pathway due to accumulation of misfolded proteins in the endoplasmic reticulum (ER). ER stress-associated gene GRP78, a representative ER chaperone is reported to be involved in the development of inflammation [12] .
In this study, we evaluated hypoxia induced simultaneous changes in human PBMCs and monocytic cell line THP-1 in the secretion of proinflammatory chemokines IL-8 and RANTES as a representative of inflammation and in the phenotypic expression of TREM-1, TLR-4, CD16/ 56. Furthermore, Hypoxia induced stress response was measured by GRP-78 mRNA expression.
Methods

Cells
Blood (10 ml) was taken from healthy volunteers in the presence of heparin or 0.2 % EDTA. Peripheral blood mononuclear cells (PBMCs) were separated on lymphoprep (Nycomed, Oslo, Norway) and were washed three times with phosphate-buffered saline (PBS). PBMCs were counted and plated in six well culture plates at a concentration of 1 9 10 6 cells/ml. The cells were subjected to one of the following conditions: normoxia and hypoxia for 24 h. All experiments were performed with or without lipopolysaccharide (LPS; 0.1 lg/ml, Escherichia coli 055: B5, Sigma Chemical Co., St. Louis, MO). After exposure to hypoxia, cells were harvested for analysis of surface markers, and supernatants were collected for determination of chemokine levels [14] .
In addition, the human monocytic cell line THP-1 was cultured in RPMI-1640 with 10 % FBS and antibiotics and was subjected to the same experimental conditions, with or without LPS.
Normoxic and Hypoxic Conditions
For normoxic conditions, cells were incubated in a regular incubator (21 % O 2 , 5 % CO 2 , 74 % N 2 ). Hypoxic incubation was performed in an incubator where the hypoxic environment (0.5 % O 2 , 5 % CO 2 , 94.5 % N 2 ) is kept constant and so are the temperature (37°C) and humidity (90 %).
MTT Assay for Cell Viability
Cell viability was assessed by mitochondria dependent reduction of a yellow tetrazolium dye 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) to insoluble purple formazan by dehydrogenases [13] . This process requires active mitochondria, and even freshly dead cells do not reduce significant amounts of MTT. Human THP-1 cell line was cultured in 96-well flat-bottom plate and treated with or without LPS (100 ng/ml) and kept in hypoxia or normoxia. Thereafter, 20 ll of MTT dye (1 mg/ml in PBS) was added to the culture medium and further incubated for 4 h at 37°C. The formazan crystals made due to dye reduction by viable cells. Supernatant was aspirated and cells were dissolved using dimethyl Sulphoxide (DMSO). Index of cell viability was calculated by measuring the optical density of color produced by MTT dye reduction at 570 nm.
IL-8 and RANTES Quantification
IL-8 and RANTES expression levels were quantified by means of a cyto-fluorimetry-based ELISA system (flowcytomix, ebiosciences, USA). In brief, human PBMCs were cultured with or without LPS in normoxia or hypoxia. Supernatant was aspirated from each well and kept at -80°C until used. Chemokines were estimated according to the manufacturer's instructions. The samples were acquired in BD FACS-Caliber and analyzed using flowcytomix pro software.
Flow Cytometric Analysis for Cell Surface Markers
Cell surface markers expression level was quantified using flow cytometer. In brief, whole blood mixed with incomplete RPMI in 1:1 ratio in normoxia or hypoxia for 24 h. Whole blood wash-lyse technique was used for staining cell surface antigens. Cells were stained with anti CD 16 FITC/56 PE (NK cell marker), anti CD 284 PE (TLR-4), anti CD253 (TREM-1) antibody (BD Pharmingen, San Jose, CA, USA). Samples were acquired using FACS caliber flow cytometer (Becton Dickinson, CA, USA) and analysed using Cell Quest Pro software [15] .
RT PCR for GRP-78 mRNA Expression
Human PBMCs were cultured with or without LPS (0.1 lg/ml) and incubated for 24 h in normoxia or hypoxia. RNA was isolated from the treated cells using an RNeasy RNA isolation kit (Qiagen, USA) according to the manufacturer's instructions. 100 ng of RNA was reverse transcribed using the one step RT-PCR kit (Qiagen, USA). The forward primer 5 0 -GTT CTT GCC GTT CAA GGT GG-3 0 , and the reverse primer 5 0 -TGG TAC AGT AAC AAC TGC ATG-3 0 , were used to amplify 181 bp of GRP-78 mRNA. b-Actin was amplified using the following primers: forward, 5 0 -GAG ACC TTC AAC ACC CCA GCC-3 0 ; and reverse, 5 0 -GGA TCT TCA TGA GGT AGT CAG-3 0 to generate a 207 bp product. The PCR conditions for GRP-78 mRNA were: denaturation at 94°C for 30 s, annealing at 58°C for 30 s, extension at 72°C for 1 min for 30 cycles. The PCR conditions for b-actin mRNA were: denaturation at 94°C for 40 s, annealing at 51.1°C for 40 s, extension at 72°C for 1 min for 30 cycles.
Statistical Analysis
Values are represented as mean ± SE. Comparison between results of test and control were performed by using ANOVA followed by post hoc analysis with the Dennett's test. Entire analysis was conducted using SPSS 15 software. The p value of B0.05 was considered significant.
Results
Cell Viability Assay
The viability of human PBMCs was measured by MTT assay. The data suggest that there was no significant cytotoxicity observed by hypoxia and LPS treatment to the human PBMCs (Fig. 1) .
Evaluation of Cell Surface Markers by Flow Cytometry
In the present study we have determined the frequency of peripheral blood populations cells expressing CD16/CD56 (NK Cells), CD354 (TREM-1) and TLR-4 (CD 284) by flow cytometry. The blood was collected from healthy individuals and exposed to normoxic and hypoxic environment for 24 h. TREM-1 expression was significantly up-regulated in hypoxia (p \ 0.05; Fig. 2a ) as compared to the normoxic control while percentage of NK cells (CD Fig. 1 To rule out possible in vitro toxic effects of hypoxia, cells (hPBMCs) with normoxia and LPS-treated or hypoxia and LPS treated were evaluated by MTT assay for cell viability (Fig. 2b) . The TLR-4 expression was diminished in hypoxia exposed human PBMCs as compare to the normoxic human PBMCs (Fig. 2c) . In addition, when monocytic cell line THP-1 was exposed to hypoxia for 24 h, TLR4 expression was significantly decreased in hypoxic cells as compare to normoxic cells (Fig. 2d) .
Increased Production of IL-8 and RANTES Chemokine
Human PBMCs were used for evaluating the effect of hypoxia on the production of IL-8, and RANTES. Increased production of IL-8 and RANTES chemokine was observed in hypoxia and LPS ? hypoxia treated cells. Chemokines production was quantified by means of a cytofluorometrybased ELISA system ( Table 1) .
Effect of Hypoxia on GRP-78 mRNA Expression
To determine whether hypoxia changed GRP-78 expression, human PBMCs were treated with or without LPS and exposed to normoxia and hypoxia. GRP-78 mRNA expression was measured by semi quantitative RT-PCR. GRP-78 mRNA expression was increased after hypoxia (p \ 0.01 vs cells ? normoxia) or LPS ? hypoxia (p \ 0.001 vs cells ? hypoxia) treatment for 24 h (Fig. 3a, b) .
Discussion
Hypoxia activates various transcription factors involved in inflammatory responses including HIF-1 and NF-kB [16] . In the present study, we have evaluated the hypoxic response on human PBMCs and monocytic cell line THP-1 for evaluation of CD16/56 (NK-Cell), CD284 (TLR-4), CD354 (TREM-1), chemokine production (IL-8 and RANTES) and GRP-78 expression. Our findings demonstrated that percentage of NK cells (CD 16/56) was marginally up regulated while TLR-4 expression was diminished in hypoxia exposed hPBMCs as compare to the normoxic hPBMCs while TREM-1 expression was significantly up-regulated in hypoxic hPBMCs (p \ 0.05) as compared to the normoxic control. In addition when monocytic cell line THP-1 was exposed to hypoxia, TLR4 expression was significantly decreased in hypoxic cells as compare to normoxic cells. These events are paralleled by strengthening up-regulation of the chemokines IL-8 and RANTES an otherwise necessary event for the chemotaxis of the neutrophils and macrophages to the inflammatory [17, 18] and strongly elevated after bacterial infection [19] . TREM-1 activation also enhances the production of TNF-a, IL-6, and MIP-2, as well as PMN infiltration [7] . However, nothing is known regarding association of TREM-1 with hypoxia and hypoxia induced inflammation. Studies described herein demonstrated that TREM-1 expression was significantly enhanced in hypoxia induced whole blood versus normoxic control whole blood. It should be noted that these hypoxia exposed samples were obtained from both male and female subjects. Despite the sex variations, our results indicate that the TREM-1 induction level is associated largely with the hypoxia exposure. Furthermore, these events are paralleled by strengthening up-regulation of the chemokines IL-8 and RANTES, an otherwise necessary event for the chemotaxis of the neutrophils and macrophages to the inflammatory site.
Hara et al. [20] also demonstrated that the expression of TLR4 mRNA was decreased in the human corneal epithelial cells (HCECs) of soft contact lens wearers. These findings are in agreement with studies reporting that TLR4 expression was reduced by hypoxia in other type of cells and organs, e.g., cultured pulmonary artery endothelial cells [21] . On the other hand, the mRNA and protein levels of TLR4 were up-regulated by hypoxia in a cultured microglia cell line [22] . In murine bone marrow-derived dendritic cells, hypoxia did not change the TLR4 mRNA expression [23] . These different responses of TLR4 expression under hypoxic conditions may be because of the different hypoxic exposure times in different experiments. Ock et al. [22] reported that the up-regulation of TLR4 expression in microglia was observed after 8 h of hypoxic exposure. On the other hand, Ishida et al. [21] reported that long-term (48-72 h) hypoxic exposure caused a downregulation in the expression of TLR4 in cultured pulmonary artery endothelial cells. Their results were in good agreement with ours, where HCECs were cultured under 2 % O 2 for 48 h prior to exposure to LPS. The differences in the types of cells and organs, and in the culture conditions, may account for the different TLR4 expression. However, the down-regulated expressions of TLR4 in HCECs under hypoxic conditions are consistent with some of the in-vivo and in-vitro findings. We found that the Hypoxia and LPS induced expression of IL-8 and RAN-TES in human PBMCs. In our culture system, LPS exposure caused a significant increase in the IL-8 and RANTES production under hypoxic conditions. In addition, mRNA expression of GRP-78 showed that the hypoxia and LPS increased GRP-78 activation was also induced due to hypoxia. In conclusion, this study provides novel insights into the mechanisms linking low oxygen tension to the regulation of immune and inflammatory responses, leading to the new perspectives of the role of hypoxia in programming immune cell functions.
